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Do not return copies of this report unless contractual obligations or notices on a specific document requires that it be returned. The method has a wide range of applications. In Ref. 6 it was used to minimize latitude distortion on a planar * grid representing surface gravity in the neighborhood of the launch point by redefining the coordinate system to make the (false) equator pass through the launch point. Similar appli--cations exist to data reduction and model validation where * reference/model gravity, usually described by a spherical * harmonic expansion, has to be evaluated on a local grid in the region where data exists. Other examples of possible applications are: 
ALGORITHM FOR ROTATION OF SPHERICAL HARMONICS
In this section, a discussion of two different conventional definitions of spherical harmonics is given first.
Simple relations are given for transforming coefficients from one convention to the other. This discussion is followed by a presentation of the general formula for rotation of spherical harmonics. Finally, the algorithm for practical implementation of this transformation is introduced.
Perhaps the most widely accepted definition of normalized surface spherical harmonics is that of Ref. To simplify the terminology, in the sequel the functions defined by Eq. 2-1 are referred as "real harmonics" and those given by Eq. 2-3 as "complex harmonics" or simply as "harmonics" when the meaning is clear from the context. 
Since all functions h(e,A) considered in this report are real, it follows from Eqs. 2-4 and 2-6 that the coefficients C must satisfy
Now, suppose that the expansion of h(e,A) in real harmonics is The weights of degree 0 and 1 serve as starting values for the computation. They are given in Table 3-1 which also lists all the weights through degree five. Only the weights T'J for 0 < m < j < A need to be computed because of the symmetry of the weights (Eqs. 2-23 and 2-24) and because the algorithm for rotation of spherical harmonic coefficients only has " to evaluate the transformed coefficients, Dj, for j > 0.
The following notation is used: Int(x) denotes the largest integer less than or equal to x and p 2 is defined as
Next, the algorithm is presented. A discussion of its various steps is given at the end of this section. The main recursion formula is Eq. 3-5.
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It permits the propagation of the weights along lines parallel to the dliagonal ( Fig. 3-1) . Its application, however, requires prior evaluation of the weights along the boundary lines m=0, j=.e-1, and j=2. This is achieved in Steps 3, 5 and 6 of the algorithm.
The main recursion formula, Eq. 3-5, is numerically unsutable outside the circle m 2+j 2 < .92 (See Fig. 3-1) . This i! -. he reason for dividing Step 7 into two separate cases. if the weights to be computed along the subdiagonal j-m=n(=constant) all 14-e inside this circle then Eq. 3-5 is used. if they do not, Lhen another recursion formula, Eq. 3-6, is necessary. The critical value of n is computed in Step 7.1 and is denoted by k ir the algorithm. Thus, in the rgion j-m>k the main recur-sion formula is used (Step 7.2) while for j-m<k, Eq. 1-t is
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used outside the circle (Step 7.3.1) and the main recursion formula is used inside the circle (Step 7.3.2) .
Double precision (53 bit mantissa) was used in an IBM 4341 computer to generate all weights to degree 180. CPU time was approximately 3 minutes. The accuracy of the computed weights was later verified using recursion formulas independent of those used in the algorithm described above. These formulas
j Pm k Equation 3-7 permits the computation of all weights l,j i on the line m=1 in terms of those for m=0. Note that T 2 is 4k the last weight evaluated along each subdiagonal using the main recursion formula in Steps 7.2 and 7.3.2 (See Fig. 3-1 ).
Therefore, a comparison of the weights T'£ generated by the algorithm and those computed on the basis of Eq. 3-7 provides a measure of the numerical behavior of the main recursion formula.
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On the other hand, Eq. 3-8 gives T'£ 'j in terms of two neighbors on the same subdiagonal.
This formula is not numerically stable. 
NUMERICAL RESULTS
The algorithm for rotation of spherical harmonics was tested using three synthetic expansions, all to degree 180.
In each expansion, the coefficients were zero-mean normal vari- The number of operations in the algorithm is O (N ) where N is the highest degree in the expansion. In an IBM 4341 computer, CPU time for a single (one-way) rotation was slightly more than two minutes for an expansion to degree 180 and less than three seconds for an expansion to degree 36.
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5.
SUMMARY CONCLUSIONS AND RECOMMENDATIONS
An algorithm has been given for accurately computing the effect of an arbitrary rotation of the coordinate system 
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